Background: Pyeloplasty is a widely accepted treatment for ureteropelvic junction obstruction (UPJO). However, the renal function recoverability after pyeloplasty is still a matter of debate. Different parameters have been used to predict renal functional recoverability after corrective surgery, with conflicting results. Objectives: In this study, renal biopsy was carried on a series of cases of UPJO, during pyeloplasty, to study the extent of histological alterations in renal parenchyma, as a result of obstruction, and its predictive value in renal function recoverability after pyeloplasty.
Background
Ureteropelvic junction obstruction (UPJO) is a commonly encountered urinary tract abnormality, characterized by impairment of urine drainage, from the renal pelvis into the ureter, leading to hydronephrosis and obstructive changes in renal parenchyma. Although most cases are congenital, the problem may not become clinically evident until much later in life. The aim of treatment, in such cases, is to preserve the renal function and relieve symptoms by performing pyeloplasty, at the earliest. Diuretic renogram is the most commonly used imaging study to assess the renal function of the affected kidney, before and after surgery. Levels of biochemical markers, such as certain enzymes and proteins in urine, obtained from obstructed renal units (ORUs), have been used in predicting the final outcome of corrective surgery in patients with ureteropelvic obstruction. However, studies have shown that the biochemical markers have limited application and reliability, because of extremely variable results (1) (2) (3) (4) (5) (6) . Renal parenchymal thickness and pelvic diameter, measured by ultrasonography, also showed no consistent predictive value on functional outcome (7, 8) . It was also found that clinical symptoms do not appear to affect renal function improvement after surgery. There are no statistical data to support that operating on asymptomatic patients is better than operating on symptomatic ones (9).
Objectives
None of the studies up to present is strong or conclusive enough to confirm the results in all cases. Studies have shown that the severity of histological changes, such as glomerulosclerosis, widening of Bowen's capsule, interstitial fibrosis and tubular atrophy, in the obstructed kidney, might influence on functional outcome after pyeloplasty (10-13).
Patients and Methods
The study was performed on 53 patients with hydronephrosis due to UPJO, over a period of 2 years, from December 2011 to December 2013. 
Methods
Apart from taking detailed history, analysis of genitourinary symptoms, general and focused neurological examination, local examination of genitalia and digital rectal examination were done in all patients, as per protocol. Routine urine analysis, comprising urine culture/sensitivity, complete blood count, routine blood tests, including liver function tests and renal function studies were performed in all patients. Radiological imaging studies by abdominal ultrasonography, intravenous pyelogram (IVP), and diethylene triamine pentaacetic acid (DTPA) were done in all cases. Differential renal function (DRF) and glomerular filtration rate (GFR) were evaluated by 99 mTc DTPA renogram. Patients were hydrated with normal saline (10 mg/kg) before injecting 99 mTc DTPA.
All patients with UPJO included in the study underwent open dismembered pyeloplasty and follow up DTPA renogram, which were done at the interval of 6 months and 12 months after surgical repair. During pyeloplasty, a small wedge of tissue, including full thickness cortical tissue from the lower pole of the affected kidney, was taken. All biopsy specimens were evaluated in a single laboratory using 5 µ section and H & E staining. Histopathological analysis was done by one pathologist who had no knowledge about the clinical status of any patient, to avoid bias. Histopathological changes found in renal tissue were graded in terms of presence of severity of tubular and/or glomerular changes into three groups:
-Grade 1 -Normal glomerular and tubular structure ( Figure 1 ).
-Grade 2 -Mild to moderate dilatation of collecting tubules and Bowen's space, minimal degree of interstitial inflammation ( Figure 2 ).
-Grade 3 -Dysplastic glomeruli, marked interstitial fibrosis, tubular atrophy ( Figure 3 ). If different grades were observed in a biopsy, the highest grade was assigned to that particular case. Patients were followed up to one year. The study was duly approved by the Institutional Ethics Committee. All patients included in the study had given their informed consent. Statistical analysis of the test and outcome were compared by Fischer T-Test. A P < 0.05 was considered statistically significant.
Results
The study group comprised 53 patients (aged 3 -60 years), mean age 24.34 ± 15.41 years. Commonest age group was 10 -19 years. Thirty eight (71.7%) patients were male and 15 (28.3%) were female. The affected kidney was on the right side in 15 (28.3%) patients and on the left side in 38 (71.7%) patients (Table 1) . Low grade abdominal pain (66%) was the commonest clinical presentation ( Table 2 ).
All patients underwent open dismembered pyeloplasty. The severity of histopathological changes in renal parenchyma was compared with the functional status of affected renal unit pre-operatively and post-operatively (Table 3) .
Out of 28 kidneys with DRF activity < 35% preoperatively, 25 (89.2%) demonstrated grade 2 to grade 3 changes, while three kidneys had grade 1 changes. Of patients having DRF activity > 35% (25), 21 demonstrated grade 1 changes, three had grade 2 changes and only one had grade 3 histological changes. It is evident that 87.5% of patients of UPJO with grade 1 changes had good DRF (> 35%), while 89.2% of cases with grade 2 or grade 3 changes had poor DRF (< 35%) preoperatively.
The ORUs having grade 1 changes in parenchyma had significant improvement in DRF (P < 0.01). A slightly greater improvement in DRF was noted in the first 6 months in comparison to the 12 months value. On the other hand, kidneys having grade 2 or 3 histopathological changes in parenchyma showed insignificant improvement in DRF (P > 0.05) ( Table 4) . 
Discussion
In hydronephrosis secondary to UPJO, significant renal histopathological changes are expected to occur, because of long standing obstruction in urinary drainage. Studies in animal model demonstrated histological changes in kidneys subjected to partial ureteral obstruction. Claesson et al. created partial ureteral obstruction in newborn rats, by burying the ureter in the psoas muscle (14) . The effects of chronic partial obstruction were studied at the age of 6 weeks. Permanently partially obstructed kidneys had prominent papillary deformation that was associated with moderate widening of collecting duct and convoluted tubules and focal inflammatory and degenerative changes. Steinhardt et al. performed nephrectomy in 20 cases of severe UPJO and the specimens were analyzed for histopathological changes. They showed that 75% had interstitial fibrosis, with inflammation, 70% had glomerulosclerosis with inflammation, 30% had medullary dysplasia and 15% had glomerular cystic changes (15) . Elder et al. showed that 79% of patients with DRF > 40% had mild alteration in renal histopathology, while 21% had severe alteration in renal histology. Elder et al. found that UPJ obstruction, with a differential function < 35% have a high probability of significant histological changes on biopsy (10) . However, in our study, out of 24 kidneys, with grade 1 changes in renal parenchyma 87.5% (n = 21) had DRF > 35% (mean DRF 38.98 ± 3.90, P < 0.001), while only three (12.5%) had < 35% DRF pre-operatively. Therefore, most of the obstructed renal units with DRF > 35% have usually near normal renal biopsy.
One of the conflicting findings of our study was that four (12.5%) patients, who had good DRF (> 35%), had significant histological changes. This might be due to the error in differential function derived from the DTPA renogram. There is also the possibility of transient UPJO in utero that produced significant renal injury, which resolved subsequently, allowing normal maturation of renal function. However, further experimental studies are needed to justify this phenomenon. On the other hand, it was found that three (12.5%) patients with poor DRF (< 35%) had minimal or no histological changes on renal biopsy. Once again, this might be due to fallacious renal scan or there might be intermittent obstruction, which, at the time of study, showed poor DRF, although it had a good potential of functional recovery after release of obstruction. Another possibility is that the histopathological changes in the kidneys are heterogeneous and the part of renal tissue taken for biopsy might have reflected the portion of the kidney least affected by the UPJO.
Outcome After Pyeloplasty
Functional outcome of pyeloplasty is a matter of debate, since the pyeloplasty was first performed by Trendelenburg, in 1886 (16) . Various studies have attempted to determine the functional outcome, with conflicting results. The clinician, as well as patient and parents, want to know the benefit of pyeloplasty in terms of recoverability of renal function and salvageability of kidney. One way to know it is by staging this treatment-putting stent or performing percutaneous nephrolithotomy (PCN) before definitive surgery and comparing results of radionuclide studies, done before and after diversion (17) . However, this method is time consuming, with the attendant risk of stent dislodgement and infection. In this scenario, histopathological changes, occurring in renal parenchyma secondary to UPJO, might be useful in predicting the outcome of pyeloplasty in terms of renal function recoverability. Bhat et al. in their study, found that postoperative improvement in DRF is increased when the renal biopsy is suggestive of normal histology (18) . Ortapamuk et al. have used the preoperative split renal function as the predicting factor for the outcome of adult pyeloplasty. According to them, the renal units with split renal function < 30% had very little chance of improvement after pyeloplasty (19) . This study, however, showed that ORUs with no or minimal histopathological changes (grade I) had significant renal functional recoverability after 12 months of pyeloplasty. On the other hand, kidneys with significant changes (grade II and III) had minimal improvement in DRF, which was clinically insignificant (P > 0.05). It was also found that a significant improvement is more likely in those with initial renal function > 35%, (P < 0.05). Although pyeloplasty is not very useful in kidneys having DRF < 35% or with significant histopathological changes in term of functional outcome, it is still important for relief of pain and to prevent complications, such as infection and urolithiasis.
One limitation of this study is that the functional recoverability has not been correlated with the age at which the operations were performed. Studies have shown that the pediatric age group has a superior functional recovery than adult patients, with similar preoperative DRF. Wagner M et al. in a retrospective study, have shown that the kidney is still salvageable in children with split function of even less than 10% (20) . Therefore, the progressiveness with age or static evolution of renal parenchymal injury in cases of UPJO is still a matter of debate (21, 22) .
Histopathological evaluation of renal parenchyma may be useful to provide an objective method of predicting the recovery of renal function after pyeloplasty. It would allow the comparison of the types of histological alteration, with the changes in DRF, in order to predict the final improvement potential of the affected renal unit, after successful corrective surgery. In the presence of severe pathological changes in renal biopsy, recoverability of renal function, despite anatomical success, in term of drainage, is significantly decreased. Patients having grade 1 histopathological changes have a high probability of improvement in DRF compared with those with grade 2 or grade 3 changes. The ORUs with DRF > 35% usually have minimal changes in renal biopsy and can be expected to get better functional recoverability. However, the DRF estimated on DTPA scan may be fallacious, particularly in grossly dilated renal pelvis and pyeloplasty, and should not be deferred when preservation of renal function is of concern. In this situation, renal biopsy may be useful, although it has certain disadvantages. First, image guided renal biopsy is an invasive procedure with risk of bleeding and infection, etc. Secondly, the histopathological changes may be heterogeneous and the biopsy from a small area may not be sufficient to provide an accurate histological estimate of the injury, sustained by the renal parenchyma, due to obstruction per se. It, therefore, needs further long term studies in a larger series of patients, in order to clearly define which kidneys are at risk for deterioration and to predict the improvement potential of affected kidneys.
